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Abstract (Basic): US 5256916 A 

A TTL to CMOS translating input buffer circuit receives TTL input 
data signals at an input (VIN) and delivers CMOS data signals at an 
output (VOUT). The input buffer circuit is provided with an expanded 
first stage with expanded pull-up circuit (PI) and pull-down circuit 
(N1) having control gate nodes coupled to the input (VIN). The pull-up 
and pull-down circuits (P1,N1) are constructed to provide dual 
switching thresholds at the input (VIN). A first stage output pull-up 
and pull-down circuit (P1R, P1L, NIL) switches at a relatively lower 
first threshold voltage level and a pull-up enhancer circuit 
(P1E, 13, 14) switches at a relatively higher second threshold voltage 
I eve I . 

The pull-up and pull-down circuits (P1,N1) of the expanded first 
stage are constructed for switching dynamic current at an output node 
(ml) at the relatively lower first threshold voltage level for data 
signal transitions between high and low potential levels at the output 
node (ml). The pull-up enhancer circuit (PIE, 13, 14) switches static 



current (ICCT) through the output node (ml) at the relatively higher 
second threshold voltage level to reduce static current (ICCT) during a 
static low potential level data signal (L) at the output node (ml). The 
expanded pull-up circuit (P1) incorporates a static current restricting 
first pull-up transistor (P1R), a dynamic current enhancing second 
pull-up transistor (P1E) coupled in parallel with the first pull-up 
transistor (P1R), and at least one pull-up current summing third 
pull-up transistor (P1L, P1LA, P1LB) coupled to the output node (ml). 

USE/ADVANTAGE - Applicable to both CMOS and combined bipolar and 
CMOS (BICMOS) circuits. Provides new input buffer circuit with expanded 
input stage having enhanced dynamic pull-up current during LH 
transitions at intermediate output node in response to HL transitions 
at input to increase switching speed. Channel dimensions and channel 
width ratios of input buffer circuit input stage CMOS transistors may 
be scaled and selected for programming a wide range of circuit 
operating parameters according to circuit applications. 
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a^a^ yy-m^mi tc^sns. s§ — r wt- ^ 

Xf-v^Pl, Nil! A^V^t^Wm^jy-Hml 

N2H 4"Km^y-Hmitm*v 0 „ t ©F^ic«^$n 

-f^A-^Xr-i^Pl, Nl&tfP2, N2 30 

ftRzf&n&rty— u— ;vvcc,s.^gndq©k 

JC^MStlTV^. 5. 0 VWitS^&Ay— 

— ^VccqRZ/0 VWiS^ftA? — V— ;UGNDQ#C 
MOSIfc3i©igR?m«&I^.>l'£*bT^&<, 
[0 0 0 3] $m#i\Z2. 0Vfrt>2. 4V«ifi 
0. 4V*^0. 8 V#{£«fire$>STTL©ii5R 

^me^-5'm^A*v )11 {c-^^f,n-s. sg--r> 

/WXf-yfflPMOSyjl'7^yh7>^X^P 1 
t, NMOSyM'?>H5>yX5'N10^tl ; eno 
9 1 r^;Uti(DltttA^V 1 »JC*5^TASWtC 1. 5V0 40 
TTLX-f-yfbt l^fit«JE WV&ffitt <fc 5 IC3^ 
:OTTL7-f •yf i b#^<a«JE£i&b2&tf3 
fc&tC, ^*Jl41©itP l/Nl«ftlJtfHCl/4T 

[0 0 0 4] A#V,„T©TTbii5S&b"<;i'^-5'{I 

fix— ^m-^L -Sfcabt::. NMOS^ 1 ? 

> H7>yx?N 1 £f£i!>£-ti--5. b#>b&#<=>> TT 

x-^ft^U^^LconH. P 1 *5<fctfN 1 SriloTSit*! 50 
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-S^F&gftX:?^ y ^Sit^fctei'O-A— (crowba 
r) *SSt I c c t P MO S 7)17 v f Y v > *J 

VT^zm&vKu^nJi&m&m&zftntzu^juz 

[0 0 0 5] P l/N l©^**.;MB©JftSHlWu 0t|A 
©5A/iEJ*Rtf>MM X© P 1 ^^HBa^^-r y 

^m«i.cT*4*ac*u'<Ji'tiifi«bT^*iHi. tpwai 

S= tpWm^y-HmllC*3ViT0 vt 

5. 0 VWCMOSIfeSA^-l^-^mJEU^^fC^-r 

[0 0 0 6] + IWy— ]*ml.4«ip«fcJt©ieH. 09*. 

a: 1 / 1 ft & 1 / 2 ©^r *;MS£Jfo<fc 5 izm^nx 
^frcMOS-f >A— ^p 2, n 2 £f£Kj 

P2, N2©^*JM1©— WifctxJf, ^T*)^ 
tf«&bl^£LT 1 5 0 At/ 1 5 OtfT^^. giPW&tt; 
©^+- *JHf£ J# o fclg— C MO S -f > A—* XJ— 
P2, N2IJeiJ^li2. 5 V©CMOS L^ViM*EE-C 
X-Y-y^U W*V„„,{r*liTCMOSi^S^CDi«R. 
l^««fifc5*-^«*©iE#tt»ff*^JSJES**. V slt 
T©tt}^«^«ftSOCMOS^fcliB I CMOSEM 
IMP tC*^T- S . 

[0 0 0 7] 

MOS^ffTSA^A*>y7 7-|iISS(7Dip©, « — f> 

h l u na * y - k © l h«» + 
[0008] RiWffc>b5— -D©ssw©»«f4. 4Tfltbyj 
^ mm# i c c r ©tt#{c^ 5 <t -5 {c§ijE-r-5 c tt* 

So 

[0 0 0 9] 

m-X^-^«A^lCfe^T-aA*X-f ->^b^V^ffi 

)V7vy°%>&zSy°)i?y>mmz, tt*SiWfiv»JI— 
tfcRWSi^-b^^ffiflJSU^TX'f 

[ooio] *«w©»a**«KJ:o. ffi^snts 
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mx^-^m^m^-r %tz$> \ztajj y - Hmi xit^ 

V>Sg- L ^ V>M«JE U^Jl/teSHft-h C M O S A7J X-f 
[0 0 1 1] fol. -Wl&HZUiX. *%BJ«— 

m tj y - h $ tutsg-x v'w tj toi-t v z?r 

Zfr/JUyo >\sl&&ft-o A7j A >y 7 r -EJSS© A7J lc*3 

zmmt, it^m^m-v^^mmmu^xy^T 20 

[0 0 l 2] aj^Z-KtCfeV^Tx- 

v t> mm i c c , £M'> £ fr® \zm- u ^ vmi^je u 

^l^^laJg&teTTL A7jX< >y^fg-L#VM!ttJE 
•>^^blHlgS«CMOSA^X'f >y^>y^— L-^Viffl 30 
[0 0 l 3] $?jgfc,hLT> ^fgHJteit&W'hS^ir 

A,fc\ &*snfc!6-x^-^:/;u7y yB&p i 

o T T L C M O S XzWfi-t 5 A7J A -V 7 r - HSS 
A "7 - V- MZM&I \Zl&m.Z *l1t— RUSSIA X £ 

v -f Y y > i?79 1 WM\z*mmi3 J— H C«KSnT 

tj a ? •? T-®&*xmn±.m®:mxmft?z> «t 3 «« 

[0 0 14] #^BjJt£=kD, 1-R^=^7 7^h 



#M¥6 - 5 3 8 1 3 
10 

tmss^jtift-r*. ^(Dmwm&texi •y^ytfmm.zm 

iD£ fc* f~ + Fp^m* / - Hml X<D L HS£*4>m. 

^litiit I e cr ^M^^tl^fefe^F^ 

mtjy- Fmuz&^xmi&mGL ^m^L © 

[0 0 15] JflWtLT. ^<^-5-y^«gSt*ii^U 
A^f>f y^«aE*«^*-&*MfPOKtt. ^-R^ 

7>i?x? tmm±m®.ttxmftis. ^^f)V7vfv 

if PMOSRtfNMOS h7>yx^^S^. -f> 
Zt-^^^-i?©MfPHK©i*»PMOSRtfNMO 

«t 5 [rjg«nfc p mo s so^nmo s v ^;u#§©it 

[0 0 16] A^X^-^OtB^^T^^^y^y 

frTv-fVyyvxpth^zxts \zmw&£ nxv^. 

[0 0 17] *%m<D\+>ny7T—m [ &<Dm—7,T— 
~J ^ « A 73 X 5=— 3? (C 43 W- S - » b * lr)««JE O&m 

ztix^z>t^oz\iix$>z>o yn-s.ypmm^it 

y-JT^&tfiO F F LTV^^Feltt^^ 

^H7";i'77 7'h7>->'x?©ft *;nBtt4»miB * y 

- CO ^-ftl<D Zf)V7 y~fVy>i?7,9 (D^-v «t t> 

ASV>. 

[0 0 18] ^^H^tctOATjA'y^T-lHlgS©^— A 
t^-v 5 ®^-, irRtf$=7"^7 7 7"h7>^^^ 
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yielSSP 1 ^~7.t—'J9)V7 y9m^\Z^VX^-X 

z^vizmiinx^z, fct*.tf i/4S*©. 

fS.9)V7y9^^^-JV^t9)V90>^r^)Umiz<DZ. 
<Dm/vtc (skewed) itte. tfiJAfcfl. 5VT*f- ^(S^ 

«ji wkdw&$:%> z.-$tz$><D9^ 1- =. y $ mm. £x 

3§iJta?III&©fflffl«*PMOSRtfNMOS h^>> f X^CD 

^r*;Mg©itte, 0J*«x*^ -y^tt^£fiiW-f-5 10 

fcSf>lC2. 5V^f>3. 4 VCO|gffl(Di«V^^L#Vi 
tlZ>9-(1-5.y>7mt9)l7y9mm&X-(y^T2><il 
[0 0 19] *^iCJ:5IOA*'f>A*-?Xf— ^ 

nrzzfjvr y9mm*5-x.z> t^? z.tx&z>. mm\z 

[0 0 2 0] ^WVbO— OCD&Wtit, AtlXJ—i? 

(o7ji>7yym&p i t9)i>9v>\3is&N i tcD^w 
b l- & t> m m 73 y - k tc « ^ x /tsm « & v ^ 

J: 0 /h£ < . 09 Atf 1 / 8 <=> 1 / 1 6 <D 
[0 0 2 1] *3&9i©:pMH, A*A*^7T-[UKC0A 

axt— /ocmos h7>yx^©^-n j eno? i t^ 40 
a 5 y - * :/ d 9 5 at s tz#>\z.wm 

nmb^VMiSEEW^tt. -^©WPMOStN 
MO S h 5 ^X^OfcJ&fcatfnfcf^^M'SJtfCtE 
oT. HtzAUX'r-zSzfJl'T y9W9)V9^y^ 
p 1 , N 1 <n®m#3U&Z>Wt&mi3.v r - J r*)\'lt\z&-o 
Xzfu9 : ?ix»imt.f3.r)nz>. £5tc^-v*;k+i£©*e 
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[0022] *ftm<omnmm\z%>\,*T. 9)V7y9m 
ffi.<D-£ffi-rz%z=9)i>7>y9hy>z;xi!7g;mt. mm 

y9h v >iSX9<Dm\Zftmi*nZo m=9)V7 y9h 
?>i?X9\t. mm^t^~9)U7y9hy>^X9t 

mmz&mznx^z. tsuaznur y9 > ? >yx^ 

tt. 7.9^4 y?mm*UmtZ>'m-9)l7y9Vy> 
t.)MM\z&®.i*nx^Z>. •9)V7y9mm<D^m 

^%&=W'&w9)\'7y9yy>i>7.5\%. i&xzn 

7 7*^7 > *JX9 tM^W9)V7 y9h? 

[0 0 2 3] #f£BJttCMOSRt^ /H#-7iCM 
OS^ligbfcB I CMOSlEJ8SOM^ICjgfflnI^T'fe 
ffiCDHJSCT^CMOS £B I CMOSfllgSCDi^^ri' 

[0 0 2 4] 

[*iS0y] *^Bjic«t^TTL*^cMostc^fT-r^ 

A73 A' 7 r - 0gS«0 3 {c^ 3 nfcfBB&fc S tife^fiffi 
^Xf-yPl, N 1 (Dfztb<D9)U7 y~9h y>~J7^9 
MOS H7>^^*7 hV-y-P 1 R, PIE, PI 

^-^;i/7<y^h7>^XiS'p i Rmtnmmt%szz-9 

)l7y9b7>VX9P 1 E*«, ±«9itAX£<tfe{cS 

7^^«^©-&8it-r-2.m=^T-y7 p h7>>7X^P 1 
L\t. ±HSitAX*fcofc^— ■fWt-j'^f-^Q 
M^J(cS^^nfch^>v J X^P 1 R, PlE^cfFflm 
73 7- Km 1 'MtWKlftttSnxVi*. 

[0 0 2 5] X^^-f >yi7«^5r$iJPSbX^^^— ~f)V 
777*h7>^Pl RR^V-X«tStS:a^-r^^ 

H^;uT^7 p h5>> J x^p i L©y-h«»y-K 

tt. TTLx-^m^ttffi^^;K^A7aV 11( iCiS^»i^ 

snx^s. ^y^>h^>> 5 x^N 1 l^t^ 

Jl'777'h7>yX^PlRS^PlLlt ^— X5^- 
3?W *y;P7 y 9M9)V9'0 >lHlg§S:^fi£LX^-&. 
[0 0 2 6] y 9mm i &it<n'm=9 )17 y9Yv 

>VX9P i Eoy-hf&w/-]^ ^©t^f.n 

SIWWIhIIS I 3 . I 4*l9TAAV„f:Sl(l!SnTV» 
^[HlSS«*Httl73y- Km 1 tdiJ^XLH^© 
fH-T'il/T 7 7* F 7 >->'X^ P 1 E SrON ^ t, $ £ 
icy - KmHC*5ViX^#S^-^«^H©F^ K7>y 
X^P 1 E£fiUrt5<, 7"^777*H7>yX^PlE 
*3±^JP[elSS-r>A*-^X7"-^I 3, I 4tt!f§— X 
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[0 0 2 7] i-^'^h^^Xj'P 1 RttHl 

7 - u-ji/«ffiv c c q *t«?i £±tf ■=> n& 

R^S^TSimSX^T^ ^^«8it Icc,iC!lft»T-5. 
[0 0 2 8] ttm>««.»fl::/;i>7v:/h7>5?;**P 

v-x«sit 1 5E &±i&-tz>£o itusttfiXg^T-**)]' 

iffl. ■eajx.fcfl 7 5 MSr«7LTI/i-5. A73 V, „ TCDfl^rt* 

<a«-Eu-^m-^L©tir. p 1 e«v— 7>«a£©«p« 

*V)|fefl:V-X«tt«£jftU *Mtti2>./- Km 1 (C* 

tt>. MJBsnfcv— x«« is. tatftv-xwa. Ise & 
W»bjllS-r*J;3+«-**v^^^Hl. ^JA«2 0 

[0 0 2 9] 7Ml/^7>teI8&N 1 fct«#J*:#V^+- 

y;uT^y*3«t^;i'y7>iHjsSP l, n 

mVzWUZ&Ztg. ^77^h7>yX^*yh7- 30 
7P1R, PIE, P 1 LCDtgMffilHl8§^*.>Mira. ^ 

1 LCD^v^frmitfimjLtel / 4X*AtlX'r-i; 
TCDlt&S-iLZ&om&nT^Zo Z\tl\tXf3V, , IZ& 

i^ji/£*i:-r5. *i tcg*?j$nfc^j©>p-e7';i^T^ 

7"*yh7-?PlR, PIE, PlLtW^Jy 

TTm&^v^MBtti o o mt&o, — 7jt";p^7> 
[o o 3 o] 02 tmzcom^^f)^Tvzfmszf)vy 40 

7>lel8§Pl, Nll:»L. 01©^*S«tHliKckO* 
•So * 1 ©fllO+TA^K >n— 97,7— iXDMMWMi 

tela 1 ©-?-n©PBfl&T?&a. 

[0 0 3 1 ] A^V,»T»TTLi«mtex-^«^tCjit; 
VT (p * y - H m 1 T ^ff^-L 

jtbTV^. ■?-©*£*, ^FSftX^f-f •y^m«Jtt2 5 50 
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(i (D^-Y %-)\s$&COsfc — ~f)VY 7?*h7 ~>i/7\$ P 1 R IC 
itsns, «$Atc, ^M&X^-r-^-y^Sriitteiai 

tC*tb7 , ;i/T-y7"RZ/7°^^7>lsIKP 1, NIOM 

£©n*sai£f *fc*ftiffiaKi 3, i 4 on 
t*i] 

si 



P 1R 


2 5m 


PIE 


17 5m 


P I L 


2 0 0m 


NIL 


400m 


P3 


2 0m 


N3 


6 M 


P4 


6-1 2m 


N4 


6-1 2m 


P2 


15 0m 


N2 


15 0m 



[0032] PMOSh7>yx^PlE®y-hy- 
Kfcr:fett*»J»@&te, — OtfK >7t— ^IhJKI 3, I 
4 <>/HXf^I 3tt, — *f<DfB*l^ 

CMOSh7/yX^P3, N3*^^0, SSK* -f 
>/W77-yI4H fii»CMOSh5>^^ 
P4, N4^^o^>/WAf-yCMOSh7 
>yXy 7 P3, N3, P4, N 4 C2^>#^*;i4Itf>1t 

-7 p JH77 P h7>y7^PlE(t A;*J V I N, „ tcfi 
R, P lL£**±««LTlMFr*. L*U*3W6, 

**;i/«<BjfcP 3/N3WU ^7 P ;UT^^ P h^>> ? X 
*P 1 Et?^*$v2te&fcZf)l7y~7mffil**&0 
NiOFFWyftSfcft©, 
#^4t«ffU'<;i/S#7t*J:'5lc:a«nTV^. Si© 
«©&36^T, S^^MMfcP 3/N3H A77*c:*5V>T 
»-U#Vi««ffiU^;l/*«A«2. 5V#>S3. 4V 

HO.fc'StCKSl. 5 V©(S^TTLS-L/t^lllE 
W^fb, -JI-7 p Jl/7 7 7 p h7>yXy 7 PlE 
*a*^7u/^5ftft««Ett, Stf2. 5V3d^3. 4 

[0 0 3 3] A^V.HTOiS^^iiS^Ox-^^oai 
^LHi^feC, ^§^NMOS/ f M , ?>h7>yX 
?NlL#ONU *WB*y-FmlTOHLS» 

H50^57«Cia*SnT^S«t'5iC> mil. SV(D 
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ttfelftig^TTLSg— X-f y^ L V^^mmS.U^)l'T']S t 
y^ttcfc©ftAffi^©5t-£±#9;^&5. &ifft<i> 
R, PIE, P 1 LttA^Vufcfe^TtWIOfix-^W 

- h y - F £ fcoSfS-RtfflH^T 7^h7>^^ 
p i r, P i nt^5<Dif^y\z^nx^^>^vizi7 
n-A-m^£M'>3i*&7J<SOFFL&©-S. 10 
[0 0 3 4] A7J V, , T^-^m^U^J^it&WiS^ 

fMfflUJSS-f yn—97sf—*J I 3, I4tt, «tiSt3$ 

■1 yn—PT.'r—i? I 4©PMOS h5>yX?P4 

E©y-h/-K£Jg^ffc/1'7— ;i/Vccg©CMO 

5. h7>yX^P 1 EiCttX^-TV y^m«EttiSmft 

05 W^^^tC^^tlT^^i^tC, f§— -7)VTv 20 
-fV^> 9 J7.9V 1 R^jloTSitn&X^TV yfMffi. 
©. S/hfF^l/^^STTd^feX^^^ -y^««t I 
ccT©»&©&"£&***J!.Stt-S. X^-f y &&&& 

[0 0 3 5] i5©^7 7H mi<D$t&&ffi<D®&t 

r. **wfcsnfci.eT©»ftftrmift©&»K. 3. 
4 vwiem&i^^-'i'ffi^-Hd^iaso^^xfci^^nfc i 30 

cc, ©»£©;fc»&A# V, , fcjMtStt*. 0 1 ODESSt;: 
U»t*IS*»4» A73X5 : —v ! 7 p ^7^7 p h^>> f 7.^P 

S„ H2©BKtttt«»**fc^**;Mfr+8! (l 0 0 

ffi (2 5 w) ©x>7y ysssp 1 \z&2>fflmzntzz. 

$>2>. -f yn—ZXJ—V I 3 Sr®ji-r-5#iDW^ I 
cci©/hSV^»T&-5 I,.e t>^fc05©^57fC^$ 40 

[0036] 0 1 ta 2 ©-€-ft-^n©ia»©ej§iitt© 

tfcftliB4l:*$nT^5. 0 2©le]B&tt, BS10% 
©7.-1- y3T8«©J»JDfc#H. ^V»«flWniB©C3C'r 

:/;U7y tTMSP 1 t^)l^^>^N i ©^r*;nii 
tt^SSl 0 0/4 0 0T*S.4ii: 1 O^DilCf* 

a* j: o raf&As 1 1 bus©** L^y-r ^-s * 
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t-7>-/x5-p i t^i^i^i/tcftM^n-s. 

[0 0 3 7] ^ *;i^ft©ifcfe*Hif . a^CMOS h7 

#K**V»^*5y*«*£ra«©«HSnfcX*y 
^ -y ^ftSS I c c, S*-T* A* Ay 7 7-@SS0MiiS 
2 fC^^tlTI/i-So 
«2] 

5^*;MB©te 

P 1R 2 5m 

PIE 3 7 5m 

P1L 4 0 Oil 

NIL 800m 

[0 0 3 8] 0 2Rtfig3©lElS&©<PT. 5> 
^T-y^i^y^XHlSSP 1 . Nl, RtfJS-7r 
-yP2, N2lt WI*<Dft&.Zfi1BMtiLrt t 7 — V— )VV 
cc«. VectGNDQ, GNDPICSM*SftTV»*. -t 
©J:3tt#fflA7-l'-;MiffitT*D. A2>&tfffi?3 

(quiet)" (Vcc.GNDQ) <h (noisy)" 
(Veer, GNDP) A7-l/-Mn€n®»»rttW 

T&£>. (#fig:U.S. Patent No. 5,065, 224 issued No 
vember 12, 1991.) 

[0 0 3 9] m2Si.tfm3V>CMOSXt}rty-7 7-m 
m-Z. CMOSt;H#-7h7>yX?OMf^# 
S-e-fcB I CMOSlElKtt^tC^nltgT?*^. 06© 
{aj©*TiSKftS- ^7 7 7" h 5 >^X5- P 1 E 
tt, M#-7NPNh7>-^X^PlE (NPN) tC 
B$Jlx.&nTH5. NPN;H#-7h7>^^P 

IE (NPN) ©&fflte, m&\z^zti2>Mnwi&\ 

3. I 4©5%-'5©'f >A-^Xf-^ I 4©iSS: 
nJUgCl-f 0 3©A?3/N'-y7T-lHlg§©te©-r^T© 

F7>vX^PlE (NPN) tt^— A/— KlCfctt-S 

©«»®Bft-f Wt-i'XT-f I 3 £fcofcfg-Rtflg 
HPMOS7°Jl'7 77°h7>yx^P 1 R, PILtH 
ifcffi TtMFT * S T * * . 
[0 0 4 0] 070B I CMOSI3»3g»09K:*V»T, 
PMOS«SS£^t^— h7>^P 1 E 
\t, PNP/W#-7h7>77^piE (PNP) (3 
B#&>L€>nT^-5. PNPA*'f*-7h7>yX?(i 
tOttflsOttSKiJUTPMOS h7>^^tS<H 

uton-t-So mflnam 3. 1 4©m^©oa-^ 
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X^-^li^-nt^Jg-RtfSgH P MO S Zf)VT y-fV 
7>yX^PlR, PlLt®WtTi<PNP;H)H 
-5h5>yX^PlE (PNP) <DW}f¥<Dtztblzm& 
SnTH4. 0 7©[elg§©3aQ©^7>te0 3©A7:A*v- 

BICM0S@^O»ft m-X^-^Sfcttm^ 
Xf-i?CMOSh7>yX^P2, N2WH#-7 

[0 0 4 1] S2S^30A^A-y77- (U8&©fl&© 10 

tt^8it^=R^Eg^;py->yh7>^x^p 1 la 

iPlLBOBfc»«$nTV>5. m«E"&fflE*H7 r ;P7' 

7yh7>^5-piLAH *SSt^b^=y;u7->y 

^E37 , ';P7-y7 p h7>^X^P 1 LBti, X^^-C-7^ 
X^PILA, P 1 LBtt^P^m^Z-Kml^flglcM 

T^P 1 LB©ra©4 J P4til7jy-h*m2{Ci5(t^^a<£ 
l fe^stt >p n m * y — K m l tC*3 if S ^< ± 5 y 2 ts. 

[0 0 4 2] #fgWi#£©3^WcWLT^<bftT 
^©Sr^T-St)©"?**. 30 

[01] TTL^eCMOStC^ff-r^ATJA'-y^r — 

0&©fi£*&if5©iHi8&0-e&s. 

[0 2] *5§BJ(c^^TTL^?,CMOSiC^T-r-5A 
7jA>.v 7 7-(Hl88©i¥siffl&lEl8§0T*&<5 < , 
[03] 02OTTL^e,CMOSt^fTT-5.A73A-y 
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7 r - 0S§©fBl»&fc L tz 0S&0T & Z> . 
[04] 01 <h0 2<D|5]S&©e«3ffi£lti|£U£y7:7 

[0 5] 01©Ih]?ST©> ^T^yHBSPMOS 
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